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A sledge hammer is used to drive a wedge into
a log to split it. When the wedge is driven
20 cm into the log, the log is separated a
distance of 5.0 cm. A force of 1.9 x 10* N is
needed to split the log, and the sledge exerts a
force of 9.8 X 10® N.

a. What is the IMA of the wedge?

IMA=$=M=4_O

c. Calculate the efficiency of the wedge as a
machine, '

Efficiency

ya v

MA '
o

[%] X 100% = 48%

A worker uses a pulley system tc; raise a
225-N carton 16.5 m. A force of 129 N is

exerted and the rope is pulled 33.0 m.

a. What is the mechanical advantage of the
pulley system?

b. What is the efficiency of the system?

[ MA
Efficiency = ’—m] X 100%, where
ma =32 29Mm 5y o
a, it:Sm
gficiency = ¥== X 100% = 37%

2.80
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A boy exerts a force of 225 N on a lever to
raise a 125 X 10°-N rock a distance of
0.13 m. If the efficiency of the lever is
88.7%, how far did the boy move his end of
the lever?

We _ Fd,
eff = Ws X 100% = Fd X 100%, so
da F.d . (100%)
Fy(eff)

(125 X 10% N)(0.13  m)(100%)
= (225 N)(88.7%)

=081m

If the gear radius is doubled in the example
above, while the force exerted on the chain and
the distance the wheel rim moves remain the
same, what quantities change, and by how
much?

8.00 cm

0.224
MA = (95%)—m = 0.214 (both doubled)
The force exerted by the distarice the chain

moved, 4,, would also be doubled to 3.14 cm.
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Lee pushes horizontally with an 80-N force on
a 20-kg mass 10 m across the floor. Calculate
the amount of work Lee did,

W = Fd = (80 N)(10 m) = 800 J.
The mass is not important to this problem.

The third floor 2f 2 house is 8.0 m above street
level, How much work is needed to move a
150-kg refrigerator to the third floor?

mg, SO
Fd = mgd = (150 kg)(9.8 m/s?)(8.0 m)

Work, Energy and Simple Machines
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Stan does 176 J of work
0.300 m. What is Stan's mass?

lifting himself

F

mg, so W = Fd = mgd, therefore,

me W _ 176 1
" gd " (9:80 m/s7)(0.300 m)

= 599 kg

A crane lifts a 2.25 X 10*-N bucket containing
1.15 m3 of soil (density = 2.00 X 10° kg/m?) to
a height of 7.50 m. Calculate the work the
crane performs.

W = Fd, where F is the weight of bucket plus
soil. The soil mass is
(L15m*)(2.00 X 10° kg/m®) = 2.30 X 10° kg.
The bucket's weight is 2.25 X 10¢* N, so the
total weight is 2.48 X 10* N. Thus,
W = Fd = (248 X 10* N)(7.50 m)

= 1.86 X 10° J.

The graph in Figure 10-16 shows the force
needed to stretch a spring. Find the - work
needed to stretch it from 0.12 m to 0.28 m.

Add the areas of the triangle and rectangle. The
area of the triangle is

(base)(height)/2 = (0.16 m)(4.0 N)/2 = 0.32 J.
The area of the rectangle is

(base)(height) = (0.16 m)(3.0 N) = 0.48 J.

Total work is 0.32 J + 0.48 J = 0.80 J.

In Figure 10-10 the magnitude of the force
necessary to streich a spring is plotted against
the distance the spring is stretched.

: ' ";”/ /f’/
9 .10 2.20
Elongation (m)

0.30
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a. Calculate the slope of the graph and show

that
F =kd
where & = 25 N/m.
m=é¥ (5.0N-00 N)
(0.20m -0.00 m)
5.0N
=0.20m - 2 Nim

F = kd = (25 N/m)(0.20 m) = 50 N

b. Find the amount of work done in stretching
the spring from 0,00 m to 020 m by
calculating the area under the curve from
0.00 m to 0.20 m in Figure 10-10.

A = (base)(height) = [%] (5.0 N)(0.20 m)
= 0507

c. Show that the answer to part b can be
calculated using the formula
wor e 1
W = ikd2
where W is the work, & = 25 N/m (the
, Slope of the graph), and 4 is the distance
the spring is stretched (0.20 m).

W = %kd‘ . [%] (25 N/m)(0.20 m)? = 0.50 J

7. John pushes a crate across the floor of a
factory with a horizontal force. The roughness
of the floor changes, and .John must exert a
force of 20 N for 5 meters, then 35 N for
12 m, then 10 N for 8§ m.

a, Draw a graph of force as a function of
distance.
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b. Find the work John does pushing the crate.

Add the areas under the rectangles
(5§ m)(20N) + (12 m)(35 N) + (8 m)(10 N)
=100J +420 7 + 80 J = 600 J.

Sally applies a horizontal force of 462 N with
a rope to drag a wooden crate across a floor
with a constant speed. The rope tied to the
crate is pulled at an angle of 56.0°.

a. How much force is excrted by the rope on
the crate?

462 N is the horizontal component, so the

force is -—6%5 = 826 N.

b. What work is done by Sally if the-crate is
moved 24.5 m?

W = Fd = (462 N)}(24.5 m) = 1.13 X 104 J. .

c. What work is done by the floor through
force of friction between the floor and the
crate?

Force and displacement are
directions, so
W = —(462 N)(24.5 m) =

in opposite
-1.13 X 10* J.

Mike pulls a sled across level snow with a
force of 225 N along a rope that is 35.0°
above the horizontal. If the sied moved a
distance of 65.3 m, how much work did Mike
do?

W = Fd cos 8= (225 N)(65.3 m)cos 35.0°
= 1.20 X 10¢ J.

An 845-N sled is pulled a distance of 185 m.
The task requires 1.20 X 10* J of work and is
done by pulling on a rope with a force of

“23 N, Al vnai angle is the rope qeid?
= Fd cos 9, s0
! 11.20 X 104
cos 8 = l = M = 0519’

Fd (125 N) (185 m)
therefore, 9 = 58.7°.

Chapter 10
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Karen has a mass of 57.0 kg and rides the up
escalator at Woodley Park Station of the
Washington D.C. Metro. Karen rode a distance
of 65 m, the longest escalator in the free world.
How much work did the escalator do on Karen
if it has an inclination of 30°?

W = Fd but F = mg, s0

W = mgd
= (57.0 kg)(9.80 m/s?)(65 m)sin 30°
= 1.8 X 10¢ I.

Chris carried a carton of milk, weight 10.0 N,
along a level hall to the kitchen, a distance of
3.50 m. How much work did Chris do?

No work because the force and the dis-
placement are perpendicular.

A student librarian picks up a 22-N book from
the floor to a height of 1.25 m. He carries the
book 8.0 m to the stacks and places the book
on a shelf that is 0.35 m high. How much
work does he do on the book?

Only the net vertical displacement counts.
W=Fd= (22 N)(0.35m) =77 J.

Pete slides a crate up a ramp at an angle of
30.0° by exerting a 225-N force parallel to the
ramp. The crate moves at a constant speed.
The coefficient of friction is 0.28. How much
work has been done when the crate is raised a
vertical distance of 1.15 m?

To find the distance, d, along the plane from 4,
the vertical distance

ok (1.15 m)
= §n30.0° - 0.500

F and d are parallel so
W = Fd = (225 N)(2.30 m) = 518 J.

= 2.30 m.

A 4200-N opiano is to be slid up a 3.5-m
Iricticnless plank that makes an angle of 30.0°
with the horizontal. Calcuiate the work done in
sliding the piano up the plank.

The force parallel to the plane is given by
F, =Fsin 6, so W =F,d=Fdsin 6
W = (4200 N)(3.5 m)(sin 30.0°) = 74 X 10° J

Work, Energy and Simple Machines
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16. A 60-kg crae is slid up an inclined ramp
2.0 m long onto a platform 1.0 m above floor
level. A 400-N force, parallel to the ramp, is
needed to slide the crate up the ramp at a
constant speed.

a. How much work is done in sliding the crate
up the ramp?

W = Fd = (400 N)(2.0 m) = 800 J

b. How much work would be done if the crate
were simply lifted straight up from the floor
to the platform?

W = Fd = mgd= (60 kg)(9.80 m/s?)(1.0 m)
600 J.

17.  Brutus, a champion weighdlificr, raises 240 kg a

distance of 2.35 m.

a. How much work is donec by Brutus ‘liftiné

the weights?

W = Fd = mgd
= (240 kg)(9.80 m/s»(2.35 m)
=553 X100 7J

b. How much work is done holding the weights
above his head?

d = 0 so no work.

c. How much work is done lowering them
back to the ground?

d is opposite of motion in part a, so W is
also the opposite, - 5.53 X 103 J.

d. Does Brutus do work if the weights are let
go and fall back to the ground?

No. He exerts no force, so he does no |
work, positive or negative, !

¢. If Brutus compietes the iift in 2.5 seconds,

how much power is developed?

P= ¥ = (5.53 X 10° J)/(2.5 5) = 2.2 kW,

Chapter 10
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A force of 300 N is used to push a 145-kg
mass 30.0 m horizontally in 3.00 s.
a. Calculate the work done on the mass.

W = Fd = (300 N)(30.0 m) = 9.00 X 10° J

b. Calculate the power.

3
p oW _0.00% 10°7

: 300 s - 3.00 X 10 W

= 3.00 kW
Robin pushes a wheelbarrow by exerting a

145-N force horizontally.  Robin moves it
60.0 m at a constant specd for 25.0 s.

a. What power does Robin develop?

po W _Fd_ (145 N)(600m) _

7 ? 348 W

—————— =

250 s

b. If Robin moves the wheelbarrow twice as
fast, how much power is developed?

Either d is doubled or ¢ is halved, so P is
doubled to 696 W.

a. Use the graph to calculate the work done to
pull the object 7.0 m.

F  Force versus Displacement
60.0 %
g 40,0
8
1~
£ ool 15 150
T 30 120

: i d
0 1.0 2.0 3.0 40 50 6.0 7.0 8.0
Dispiacement (m)
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Find the area under the curve (see graph);
0to3m;

%(20.0 N)3.0 m) = 30 J

3mtod m

2(30.0 N)(L.O m) + (20 NY(LO m) = 15 J 4 20 ] = 35 J

4mto7 m;
(50.0 N)3.0m) =15 x 102 ]

Total work;
307 +35T +15X 1027 =22 X102 ]

b. Calculate the power if the work were done in 2.0 seconds.

W 22 % 18]
P—T—W—I.IXIOZW.

In 350 s, a pump delivers 550 dm?® of oil into barrels on a platform 250 m above the pump intake
pipe. The density of the il is 0.820 glem?, v~ - -

a. Calculate the work done by the pump.

Mass lifted = (550 dm3)(1000 cm3/dm?)(0.820 g/em?) = 4.51 X 105 g = 451 kg

The work done is
W = F.d = mg(h) = (451 kg)(9.80 m/s)(25.0 m) = 1.10 X 105 T = 110 kJ

b. Calculate the power produced by the pump.

110 kJ)
(35.0 8)

~I%

= 3.14 kW

A horizontal force of 805 N is needed to drag a crate across a horizontal floor with a constant speed.
Pete drags the crate using a rope held at an angle of 32°,

a. What force does Pete exert on the rope?

F, = F cos 6, so

7, _ (805 N)

= = 949 ]
c0s 8 ~ cos 32° AN

b. How much work does Pete do cn the crate’ when moving it 22 m?
W=~Fd={8035N22m) = 1.8 X i0* ]

c. If Pete completes the job in 8.0 s, what power is developed?

Chapter 10 Work, Energy and Simple Machines
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Wayne pulls a 305-N sled along a snowy path using a rope that makes a 45.0° angle with the ground.
Wayne pulls with a force of 42.3 N. The sled moves 16 m in 3.0 s. What is Wayne's power?

P = ¥ = F+4 = F—"; cos 8 = (42.3 N)(16 m)(cos 45.0°/(3.0 §) = 1.6 X 10* W

A lawn roller is rolled across a lawn by a force of 115 N along the direction of the handle, which is
22.5° above the horizontal. If George develops 64.6 W of power for 90.0 seconds, what distance is
the roller pushed?

Z Fdcos @
3 t

_Pt__ (64.6 W)(90.0s) _
Fcos 8~ (115N) (cos 22.5°)

P

d

547 m

A 12.0-m long conveyor belt, inclined at 30.0°, is used to transport bundles of newspapers from the
mail room up to the cargo bay to be loaded on delivery trucks. Each newspaper has a mass of 1.00
kg and there are 25 newspapers per bundle. Determine the useful power of the conveyor if it delivers
15 bundles per minute,

P _‘W: _ F;c‘i _ mfd - (25)(15)(1.00 kg)(g(.JSg r:/s*)(sin 30.0°)(12.0 m) _ 3,68 X 100 W

=

An engine moves a boat through the water at a constant speed of 15 m/s. The engine must exert a
force of 6.0 X 10° N to balance the force that water exerts against the hull. What power does the
engine develop?

P=T=—t=Fv=(6.OX10'-‘N)(15m/s)=90kW

A 188-W motor will lift a load at the rate (speed) of 6.50 cm/s. How great a load can the motor lift
at this speed?

v = 6.50 cm/s = 0.0650 m/s
p=K=E=F[€] = Fy
¢ ¢ e
P=Fpy
_P__(18wW) .
F,_v_m—2.89x10 N

A’car is driven at a constant speed of 21 m/s (76/km/h) down a road. The car's engine delivers
48 XW of power. Calculate the average force of friction that is resisting the motion of the car.

Pl p oD U8000W) ik
7 7 v (21 m/s)

Chapter 10 Work, Energy and Simple Machines 133
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Stan raises a 1000-N piano a distance of
5.00 m using a set of pulleys. Stan pulls in
20.0 m of rope.

a. How much effort did Stan apply if this was
an ideal machine?

Fd, = Fd, so
F.d, _ (1000 N)(5.00 m)
Fo=—r 0.0m) - 20N

b. What force is used to overcome friction if
the actual effort is 300 N?

F=F+F,
Fe=F-F,=300N-250 N=50N

c. What is the work output?

W, = Fd, = (1000 N)(5.00 m)
=500 X 10°J

d. What is the work input?
300 N

¢. What is. the mechanical advantage?

A mover's dolly is used to deliver a refrigerator
up a ramp into a house. The refrigerator has a
mass of 115 kg. The ramp is 2.10 m long and
rises 0.850 m. The mover pulls the dolly with
a force of 496 N up the ramp. The dolly and
ramp constitute a machine.

a. What work does the mover do?

W, = Fd = (496 N)(2.10 m)
=104 X 103 J

b. What is the work done on the refrigerator
by the machine?

d = height raised = 0.350 m

W, = mgd = (115 kg)(9.80 m/s?(0.850 m)
=958 J

Chapter 10
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¢. What is the efficiency of the machine?

Efficiency = % X 100%

_ (958 1)
T (14 X10)

= 92.1%

X 100%

A pulley system lifts a 1345-N weight a
distance of 0.975 m. Paul pulls the rope a
distance of 3.90 m, exerting a force of 375 N.

a. What is the ideal mechanical advantage of
the system?

IMA=—“m‘4.00

b. What is the mechanical advantage?

iy (1345N) _
MA 'W 3.59

¢. How efficient is the system?

Efficiency = M

THA X 100%

3.59
—4—0—0-X 100%

= 89.8%
The ramp in Figure 10-18 is 18 m long and
4,5 m high.

a. What force parallel to the ramp (F”) is

required to slide a 25 kg box to the top of
the ramp if friction is neglected?

W = F_h = (25 kg)(9.8 m/s2)(45 m)
=11 X107
W-F”d
_W L1 X10))
=g " 1gm  -6N

Work, Energy and Simple Machines




s 7 i

Chapter Review Problems Chapter Review Problems

c. What are the rcal 34 and the efficiency of 36. A complex machine is constructed by attaching
the ramp if a parallel force of 75 N is the lever to the pulley system. Consider an
actually required? ideal complex machine consisting of a lever

with an /MA of 3.0 and a pulley system with
- Fo_ 25ke) (9.8 m/s) an IMA of 2.0
MA = F N =33
MA 33) a. Show that the IMA of this complex machine
eff = i X 100% = @0 X 100% is 6.0.
= 83% =W, = W =w,’
Wl = Wo
33. Because there is very little friction, the lever is Fd,=F.'d’

an extremely efficient simple machine. Using a For the complex machine

90.0% efficient lever, what input work is d.

required to lift an 18.0-kg mass through a IMA, = d_'

. distance of 0.50 m?
- /7
g s % = 1Ma; S = 1MA!
i efficient = -“7" X 100% ' '
S : d, = ds’
< - _ (W)(100%) _ (mgd)(100%) d ,
. ' efficient " (90.0%) T "= aMA’Yd,")
i _ (18.0kg)(9.80 m/ s2)(0.50m)(100%) d, = (IMAYIMA’)d.')
=987 d—d; = IMA, = IMA)(UMA")
& i
34. What work is required to lift a 215-kg mass a = (3.0)2.0) =
distance of 5.65 m using a machine that is
;{, 72.5% efficient? b. If the complex machine is 60.0% efficient,
& how much effort must be applied to the
W, = Fda, = (215 kg)(9.80 m/s?)(5.65 m) lever to lift a 540-N box?
=119 X 1047
F' (IMA) X (eff)
7o X 100% = 72.5% = 0.725 F, = MA = 507
{
F,' _(6.0)(60.0%)
w (LL1I9X 10°D) = 2 =36

W, = o = =

W, = 55z CRFE) 1.64 X 104 J F, , (100%)

. . ool w30 N_ 0N
35. A motor having an efficiency of 88% operates 3.6 3.6

a crane having an efficiency of 42%. With

what constant speed does the crane lift a c. If you move the “effort side of the lever

410-kg crate of machine purts if the power | 12.0 cm, how far is the box lifted?

supplied to the motor is 5.5 kW? ;

dy ©

Towai ficiency = 38% X 42% = 37% d M

Useful power = 5.3 kW X 37% = 2.0 kW f B
I ) | L d, _A...Ocm_
‘ =20 X 10® W : d. M= 80 = 2.0 cm
} = = Y
i P=—/V—=-—a-=FgJ=FV
} g ! t

_ P @Cox10ewy

V= . T G0k O 8 m/e - 00 mss l
3 i:}
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